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Ob iec  t ive  
The o b j e c t i v e  of  t h i s  c o n t r a c t  is t o  develop and f u r n i s h  t o  Goddard 
Space F l i g h t  Center a n  advanced s t a t e - o f - t h e - a r t  minimum-noise, low 
temperature ,  cooled paramet r ic  ampl i f i e r  system, a s s o c i a t e d  spa re  
p a r t s ,  and engineer ing  manuals i n  accordance wi th  NAS-GSFC Spec i f i ca -  
t i o n  PCN70621, dated 15 May 1965 and Modif ica t ion  No. 1 t o  Contract  
NO. NAS 5-9046. 
J 
An a d d i t i o n a l  ob jec t ive  i s  t o  provide equipment f l e x i b i l i t y  t h a t  
a l lows  a l t e r n a t e  ope ra t ion  a t  4.2 K i n  a s imulated c losed  cyc le  
( l i q u i d  helium, open dewar) cool ing system. 
0 
Summary o f  Work 
The work conducted dur ing  t h i s  per iod  cons is ted  of diode eva lua t ion ,  
paramet r ic  ampl i f i e r  t e s t i n g ,  f a b r i c a t i o n  of piece p a r t s  f o r  t h e  
c o n t r o l  pane l ,  pump assembly, cold load,  and paramp monitor. 
1. Parametr ic  Amplifier Development 
The RCA v a r a c t o r  d iodes  were rece ived  dur ing  the  month of Apr i l .  
Severa l  of t hese  diodes were eva lua ted  f o r  f i g u r e  of mer i t .  The f i g u r e  
of  mer i t  of t he  v a r a c t o r s  t e s t ed  v a r i e d  widely al though about f i f t y  
percent  of t h e s e  t e s t e d  were found s a t i s f a c t o r y  f o r  broadband opera t ion .  
Four of t h e  RCA v a r a c t o r s  were t e s t e d  cold.  The r e s u l t s  of t h e s e  tests 
va r i ed  widely. I n  one a m p l i f i e r ,  no i se  f i g u r e s  varying between 5 K 
and 20 K were measured on two v a r a c t o r s  ope ra t ing  i n  l i q u i d  helium. 
The d i f f i c u l t y  encountered i n  these  measurements w a s  due t o  thermal 
i n s t a b i l i t y  of  t he  d iode ,  
which w a s  used t o  overcome ga in  i n s t a b i l i t y  problems r e s u l t i n g  from 
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This i n s t a b i l i t y  was caused by helium gas 
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d i r e c t  immersion of t h e  ampl i f i e r s  i n t o  l i q u i d  helium. One of t he  same 
diodes  was measured i n  the  same a m p l i f i e r  w i th  the  body temperature  of  
the  a m p l i f i e r  a t  38 K. This t e s t  w a s  made i n  an  ADL 340L r e f r i g e r a t o r  
0 
and t h e  g a i n  s t a b i l i t y  and noise  f i g u r e  r e p e a t a b i l i t y  was very good. 
The a m p l i f i e r  and input  l i n e  combination measured 32 K. The r epea t -  0 
a b i l i t y  of t hese  measurements allowed noise  temperature measurements 
w i th  d i f f e r e n t  b i a s  l e v e l s  and diode c u r r e r ?  l e v e l s  t o  be made. The 
no i se  temperature  quoted above was measured wi th  0.5 v o l t s  of back b i a s  
and 1.0 microamp of diode cur ren t .  With the  b i a s  vo l t age  set  t o  0 
v o l t s ,  t h e  diode draws about 10 microamps of cu r ren t  and the  noise  
f i g u r e  measures approximately 70 K. This i nc rease  i n  no i se  temperature  
0 
i s  probably due t o  a change i n  diode series r e s i s t a n c e  between 0.5 
v o l t s  and ze ro  v o l t s .  
Two of the  d iodes  were t e s t e d  i n  a second a m p l i f i e r  which was i d e n t i c a l  
t o  t h e  broadband ampl i f i e r  without t he  broadbanding s tubs .  The no i se  
temperatures  measured on t h i s  a m p l i f i e r  were extremely h igh  f o r  cooled 
a m p l i f i e r s .  I n b e s t i g a t i o n  i n t o  t h e  des ign  of the  a m p l i f i e r  i nd ica t ed  
two poss ib l e  causes .  (1) Propagation of t he  i d l e r  through the  s i g n a l  
l i n e  by t h e  TEolmode, t hus  providing room temperature loading and 
(2)  i n s u f f i c i e n t  i s o l a t i o n  between t h e  pump c i r c u i t  and the  i d l e r  
c i r c u i t  t h u s ,  aga in ,  providing poss ib l e  room temperature  te rmina t ion  
of t he  i d l e r .  
The broadband a m p l i f i e r s  were modified t o  provide b e t t e r  i s o l a t i o n  i n  
the  i d l e r  c i r c u i t .  The modi f ica t ion  of t h e  a m p l i f i e r s  r e s u l t e d  i n  a 
change i n  broadbanding c h a r a c t e r i s t i c s  of t he  ampl i f i e r .  A new pro to-  
type  a m p l i f i e r  w a s  made t o  a l low pos i t i on ing  of t h e  s i g n a l  tun ing  
s e c t i o n  of t he  ampl i f i e r .  
f o r  broadband ope ra t ion  over the proper frequency range;  however, 
The prototype a m p l i f i e r  has  been ad jus t ed  
the  r i p p l e  w i t h i n  the  passband has not  been reduced s u f f i c i e n t l y  t o  
a l low f a b r i c a t i o n  of t he  system ampl i f i e r .  
2. C i r c u l a t o r s  
The d e l i v e r y  of  t he  helium coolable  c i r c u l a t o r s  is behind schedule.  The 
previous d e l i v e r y  d a t e  was t o  be 7 May, but  d e l i v e r y  of t h e  c i r c u l a t o r s  
has  been rescheduled for ,  2 4  May. 
3 .  Paramp Monitor 
The l e v e l e r  c i r c u i t  has  been redesigned and breadboarded. Drawings 
a r e  now i n  work t o  incorpora te  the  des ign  modi f ica t ions .  A l l  piece  
p a r t  drawings have been completed and r e l eased  f o r  f a b r i c a t i o n .  The 
h o r i z o n t a l  and v e r t i c a l  ampl i f i e r  p r i n t e d  c i r c u i t  boards have been 
assembled and are p r e s e n t l y  being t e s t e d .  
c h a s s i s  w i l l  not  begin u n t i l  a l l  tests have been completed on t h e  
p r i n t e d  c i r c u i t  boards.  The scheduled completion d a t e  f o r  t h e  p lug- in  
c h a s s i s  i s  2 1  May. The BWO housing is  a l s o  i n  work. A l l  p iece  p a r t s  
a r e  scheduled t o  be completed by 14 May. Assembly of t h e  BWO package 
w i l l  beg in  on 1 7  May. 
F i n a l  assembly of t he  p lug- in  
4. Input-Output Lines 
The input  and output  l i n e s  for  t h e  r e f r i g e r a t o r  have been placed i n  the  
shop f o r  f i n a l  f a b r i c a t i o n .  A l l  p a r t s  f o r  t h e  r e f r i g e r a t o r  assembly w i l l  
be complete by May 26.  Current tests are being run  using a se t  of  tes t  
l i n e s  which w i l l  be similar t o  t h e  f i n a l  l i n e s  except t hese  l i n e s  are 
only  designed for  cool ing one ampl i f i e r .  
5. Co Id Load C a  1 i b r a  t ion  
The co ld  load was f ab r i ca t ed  and c a l i b r a t e d  du r ing  t h e  month of  Apri l .  
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The procedure followed was t h a t  ou t l i ned  i n  t h e  Appendix of MPC Drawing 
No. 11232 enclosed. There is one e r r o r  i n  t h e  d e r i v a t i o n  of t he  
equat ion  f o r  c a l c u l a t i n g  no i se  temperature r e s u l t i n g  from l i n e  losses .  
Also, t h e  waveguide w a s  f i l l e d  with foam r a t h e r  t han  using a waveguide 
window. The fol lowing r e s u l t s  were obta ined:  
L -1 = Lle2 = $,3 = ,0065 db = 1.0015 
L3-4 = .0094 db = 1.0022 
0 
To = 77.37'K 
T1 = 162'K 
0 
T2 = 223 K 
T3 = 276OK 
T4 = 298'K 
The equat ion  used t o  determine no i se  temperature  i s :  
So t h a t ,  
= 77-37 + 119.7(.0015) + 193(.0015) + 249(.0015) + 287(.0022) 
Te 1.0067 1.0067 1.0052 1.0037 1.0022 
+ .63 + .32 + .29 + .18 + 76.86 = 78.33'K 
6. Parametr ic  Amplifier Pump Assembly 
Assembly of t he  u n i t  i s  80 percent  complete. 
f o r  the f i r s t  u n i t  is 2 1  May. 
Scheduled completion d a t e  
7. Paramet r ic  Amplif ier  Control Panel 
Completion of  t h e  panel  p a r t s  has  been delayed due t o  de l ays  i n  r e c e i v i n g  
t h e  p i ece  p a r t s  from a sub-cont rac tor .  The enc losure  f o r  t h e  assembly 
- .  . .  . .  
was r e j e c t e d  and re turned  t o  the sub-cont rac tor  f o r  rework. E l e c t r i c a l  
assembly w i l l  begin immediately upon r e c e i p t  of t he  p iece  p a r t s .  
a. Schedule 
Assembly of  t h e  con t ro l  panel  w i l l  be s t a r t e d  i n  May. 
and paramp monitor w i l l  be assembled and completed i n  May. 
s e l e c t i o n  and a m p l i f i e r  des ign  eva lua t ion  w i l l  cont inue.  
The pump assebmly 
Diode 
